Morphological abnormalities of the haemopoietic cells in pernicious anaemia have been well known for many years, but it is only recently that attention has been drawn to abnormalities in the epithelial cells. Graham and Rheault (1954) studied the buccal epithelial cells in gastric washings and showed that there was general enlargement of the cytoplasm and of the nucleus, the presence of some cells with much enlarged nuclei, and an increase in the number of cells with two or more nuclei. The nucleus may be hyperchromatic, with unevenly distributed chromatin and a prominent nucleolus, and have an irregular membrane. Massey and Klayman (1955) and Rubin (1955 Rubin ( , 1956 ) confirmed these findings, and, with Gardner (1956) , found that these changes are also present in megaloblastic anaemia not due to vitamin B12 deficiency; however, they are not completely specific for megaloblastic anaemia. Changes in various other epithelia from cases with megaloblastic anaemia have been reported by several authors (Boddington and Spriggs, 1959) . G6rz-Kardaszewicz (1956) , Boen (1957), and Farrant (1958) Scarcely any mention has been made of the condition of the tongue in the cases so far examined, and it therefore seems highly rel-vant to discover whether the cytological changes in buccal cells are dependent upon atrophy of the papillae or on the megaloblastic anaemia. The present study has been made with this end in view.
Material and Methods
Initially tongue scrapings taken with a glass slide were used for this study, but specimens of saliva later proved more satisfactory. In some cases both types of specimen were examined (Boddington and Spriggs, 1959) . Comparison of the average diameters of the cytoplasm and of the nucleus in specimens taken by the two methods in the same patient showed little variation in the general pattern. In all cases the nuclear diameter in saliva was greater than in the tongue smear and in the majority the difference was a significant one.
Saliva also made possible a direct comparison with the buccal cells seen in gastric washings. In 10 cases the average diameters in saliva showed close agreement with those in gastric washings taken at the same time. The tendency was towards smaller cells and nuclei in the gastric washings, but not in all cases.
In this paper only the results obtained from saliva are reported. Specimens were taken from 59 patients of whom 18 were diagnosed as pernicious anaemia by the usual criteria, 11 as other megaloblastic anaemias (due to pregnancy, five cases, steatorrhoea, two cases, total gastrectomy, one case, nutritional deficiency, one case, carcinomatosis, one case, and phenobarbitone treatment for epilepsy, one case). Twenty had iron-deficiency anaemia, and 10 cases had abnormal tongues not associated with anaemia. Twenty-three patients had papillated tongues and in the rest the papillae were atrophied to a greater or lesser degree. Specimens from 10 people of different age groups were used as controls.
Specimens were collected by asking the patient to spit several times into a container. The saliva was centrifuged and two films made from the deposit either with a wire loop or by spreading between the two slides; these were immediately " wet-fixed " in ether-alcohol or ethyl alcohol containing 3 % acetic acid for staining by the Papanicolaou technique. Occasional nuclei, however, are hyperchromatic with prominent nucleoli and a serrated nuclear membrane, but are not usually much enlarged. The greatly enlarged (giant) nuclei are commonly vesicular and round with a regular nuclear berder (Fig. 2) . The cytoplasmic diameter in these cells is rarely very large and is commonly even smaller than normal.
Measurements of cytoplasmic diameters showed close agreement with those of the normal series. The cases with normal tongues tended to have slightly larger diameters than normal, while in the group with depapillated tongues they were rather smaller (see Table) . In only one case was there any considerable increase in size. In six cases examined 10 to 15 days after treatment with vitamin B12 there was a decrease in diameter in five, while in the sixth case the tongue remained smooth in spite of treatment.
The nuclear diameters, on the other hand, were essentially normal in the cases with papillated tongues, but those with smooth tongues had much larger nuclei; the difference between the averages for this group (see Table) and that of the controls was highly significant (P = <0.001).
One patient with a normal tongue showed a high mean diameter, whereas two of them with smooth tongues had diameters within normal limits (Fig. 4) Table) . The difference between the average for this group of 10 and that of the normal controls is a significant one at the 5% level.
The meain nuclear diameters of the 10 cases with normal tongues were within normal limits although in two cases there was some enlargement. On the other hand, most of the cases with atrophy of the papillae showed nuclear enlargement (Fig.  4) . In some cases the diameters were comparable to those seen in megaloblastic anaemia (Fig. 3 ) and the average for this group showed a statistically significant increase over normal (P = <0.05).
Cases with Abnormal Tongues not Associated with Anaemia.-The 10 cases with abnormal or smooth tongues in the absence of anaemia in which buccal cells were measured all had normal haemoglobin values.
(Six had completely depapillated tongues, two had thrush, one had leukoplakia of the tongue, and one had a painful tongue normal in appearance of unknown aetiology.)
In all but one of this miscellaneous group there was a smaller cytoplasmic diameter than normal and both the groups (see Table) showed a significantly smaller average diameter at the 5% level.
The nuclear diameters were within normal limits in three of the cases without epithelial atrophy of the tongue, and in two of those with a depapillated tongue (Fig. 4) . The group without atrophy showed an average diameter which was essentially normal, whilst the group with smooth tongues (see Table) had a diameter which was significantly higher than normal (P=<0.05).
Percentages of Nuclear Abnormalities. "Giant" nuclei were found in all cases of megaloblastic anaemia with smooth tongues. Two cases with near normal diameters showed quite frequent giant nuclei and small percentages were also found in five of the cases with papillated tongues, four of them having normal mean diameters.
None of the cases with iron-deficiency anaemia having normal tongues had abnormally large nuclei, but all but two of the group with smooth tongues showed them (Fig. 3) .
Of the 10 cases without anaemia five with increased nuclear diameters also showed " giant"
nuclei. " Giant" nuclei, therefore, were present in the majority of cases with smooth tongues and in half of the cases of megaloblastic anaemia with normal tongues. Whilst many of the cases of megaloblastic anaemia had a high percentage of large nuclei (over 5%) and the mean values (Fig. 5) show a striking difference from the means of the other groups, there is some overlap between the groups and no specific diagnostic value can be attached to the " giant " nuclei alone.
Multinucleation.-Cells with more than two nuclei were rarely seen. Graham and Rheault (1954) and Gorz-Kardaszewicz (1956) Massey and Klayman (1955) .
The percentages of binucleate cells calculated from counts of 1,000 cells again showed them to be more numerous in cases with megaloblastic anaemia although not necessarily correlated with the " giant" nuclei (Fig. 5) . There was still some overlap between the normals and the other groups.
Other Abnormalities.-Nuclear abnormalities such as hyperchromatism with unevenly distributed chromatin and irregular nuclear membrane are qualitative, and interpretation will vary from one observer to another. Such abnormalities may be more frequent in cases with megaloblastic anaemia, but are not always present and do not appear to be specific. Graham and Rheault's (1954) initial observation, later confirmed by Boen (1957) , of the enlargement of the cytoplasmic diameters in buccal squamous cells in cases with pernicious anaemia was not confirmed in this investigation.
Conclusions
The cells in pernicious anaemia were not much changed in size from those in normal persons and tended to be smaller in those cases with atrophy of the lingual epithelium. This tendency towards a smaller cytoplasmic size was more apparent in cases with iron-deficiency anaemia and certain other diseases. In addition the cytoplasmic diameter decreased still further in pernicious anaemia after treatment.
We have confirmed that in many cases of megaloblastic anaemia the buccal cell nucleus is abnormally large and that there are other nuclear abnormalities. In the majority of cases, however, these abnormalities were associated with atrophy of the lingual epithelium and were also present in cases with certain other diseases where a smooth tongue was present.
Farrant (1958) has described one such case without anaemia, and lingual atrophy may account for the six cases which did not have megaloblastic anaemia described by Massey and Klayman (1955) .
Cases in our series of megaloblastic anaemia with normal tongues did not show nuclear enlargement, and it was not invariable in the cases with smooth tongues. Boen (1957) has also described three cases of pernicious anaemia with normal nuclear diameters. In such cases there may be other nuclear abnormalities, also nonspecific, but usually much more marked in megaloblastic anaemia. Gardner (1956) described nuclear fragmentation and nuclear haloes as additional abnormalities in tropical sprue. Nuclear fragments in the cytoplasm were never seen in our preparations, and Gardner may have been observing kerato-hyaline granules. Percentages of cells containing these vary considerably in each specimen, and we have found no correlation with the disease or the state of the tongue (thus confirming Gorz-Kardaszewicz, 1956 ). Perinuclear haloes are not specific for megaloblastic anaemia and are a normal feature of buccal cells (Ziskin and Moulton, 1948 It is evident from our series that the abnormal enlargement of the buccal cell nucleus is not directly correlated with the smoothness of the tongue. This is illustrated by the finding of this abnormal change in cells from cheek scrapings (Gorz-Kardaszewicz, 1956; Farrant, 1958 The work was carried out while receiving a grant from the British Empire Cancer Campaign. *As it is only available in Polish the following summary of the publication by G6rz-Kardaszewicz (1956 ) is given.
From 10 to 15 cheek scrapings at three-to four-day intervals were taken from 1 cm. below the right parotid duct in each patient, and examined in wet-fixed films stained with haematoxylin and eosin. Percentages of abnormal cells were calculated in each of 32 patents with anaemia (22 pernicious anaemia) and in 10 normal males and 10 normal females. The abnormalities counted were large cells with normal nuclei, large nuclei in normal cells, multinucleate cells, cells containing cytoplasmic granules, and anucleate cells.
The results were tabulated and showed about 10% of abnormal cells in pernicious anaemia. Cells with a total diameter above 91 P accounted for 4% of this increase, those with nuclei above 16 i in diameter 2%, and binucleate cells 4%. The 
